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Abstract
Chirasil-b-Dex was used as chiral stationary phase for the enantioselective gas chromato-
graphic analysis of several new chiral cyclopropane derivatives. The GC method provides
information about the chemical yields of the cyclopropane products, enantioselectivity, substrate
specifity, and catalytic activity of the chiral catalysts used in the inter- and intra-molecular
cyclopropanation reactions and avoids time-consuming work-up procedures.
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Introduction
Naturally-occurring and synthetic cyclo-
propanes bearing simple functionalities
are endowed with a large spectrum of
biological properties ranging from en-
zyme inhibitions to insecticidal, antifun-
gal, herbicidal, antimicrobial, antibiotic,
antibacterial, antitumor and antiviral
activities [1, 2]. Thus, they constitute a
common structure motif in pyrethroids
[3], the antidepressant tranylcyclopro-
mine [4], papain and cystein protease
inhibitors [5], the potential anti-psychotic
substances [6], anti-HIV agents [7, 8], and
marine lactones [9]. Accordingly, a great
deal of eﬀort has been developed over the
last two decades to make the stereo-con-
trolled synthesis of substituted cyclopro-
panes more appealing to organic chemists
[10–13]. Besides the resolution of their
racemates [14], a number of synthetic
methodologies including asymmetric
Simmons-Smith reaction, metal-catalyzed
reaction of diazo compounds with oleﬁns,
and asymmetric ylide cyclopropanation
have been developed to access to the e-
nantiomerically pure or enriched cyclo-
propanes [15,16]. The utility of the ylide
approaches is directly related to the level
of selectivity of the process, which is be-
lieved to proceed in via metal carbenes as
intermediates [17,18].
Metal carbene complexes (cf. Fig. 1)
have been proposed as the active species
in such cyclopropanation and oleﬁns
metathesis reactions catalyzed by transi-
tion metals. Such species, which are usu-
ally obtained from the decomposition of
diazo compounds by transition metal
complexes, contain a carbene unit, which
can be transferred to the substrates (ole-
ﬁns) to aﬀord the cyclopropane products.
The ways in which eﬃciency and practi-
cality of this procedure are deﬁned is
depending on a large number of factors.
Among these factors are suitable catalyst,
scale, reagent costs, time allotted and
required, suitable equipments and reliable
methods used in the determination of the
enantiomeric excess (ee) of the resulting
cyclopropanes. The development of
accurate non-chiroptic methods for the
determination of enantiomeric purity has
been critical for the development of
enantioselective catalysis. Thus, a pre-
requisite in the metal-catalyzed asym-
metric synthesis is a precise and reliable
assessment of the enantiomeric purity of
the resulting products [19]. Among these
methods are: polarimetric methods, gas
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Fig. 1. Metal carbene complex
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chromatographic methods, liquid chro-
matographic methods and NMR
spectroscopy. The modern and most
sensitive methods used in the determina-
tion of enantiomeric purity of the out-
come of metal-catalyzed reactions,
allowing a detection as little as 0.1% of
one enantiomer in the presence of an-
other, are chiral GC and HPLC methods.
For an eﬃcient monitoring of the reac-
tion progress, enantioselective gas chro-
matography (GC) was the method of
choice for the determination of the
enantiomeric excess of the resulting
cyclopropane derivatives.
Although a large number of chiral
stationary phases (CSPs) have been
developed [20–24], the choice of an
appropriate column is still diﬃcult.
Chirasil-b-Dex, a polysiloxane-anchored
permethylated b-cyclodextrin with 3, 5
and 8 spacer have been successfully
used as CSP in GC [20]. In this con-
tribution, we report on the synthesis of
a diﬀerent class of cyclopropane deriv-
atives (cf. Fig. 2) and their chiral
analysis using Chirasil-b-Dex as CSP in
GC.
Experimental
Chemicals and
Instrumentation
All chemicals were commercially avail-
able. Oleﬁn substrates were used as
purchased. Solvents were dried prior to
use. The catalysts and diazo compounds
were synthesized according to [25–27].
Representative Procedure
for the Intermolecular
Cyclopropanation of Olefins
Using Meldrum’s Acid
(3a–d)
Dichloromethane (10 mL) was added
through syringe into a 50 mL round
bottom ﬂask containing a mixture of
Meldrum’s acid (2,10 mmol, 1 equiv.),
PhI(OAc)2 (1.4 equiv.), [Rh2(OAc)4] or
[Rh2{(S)-nttl}4] (5 mol%), Al2O3 (2.3
equiv.) and molecular sieves 4 A˚
(250 mg), followed by the addition of
the oleﬁn (10 equiv.). The reaction mix-
ture was thermostatted in an oil bath to
30C and stirred under argon. 100 lL
samples were taken after several time
intervals. The samples were ﬁltered using
a syringe ﬁlter holder (0.2 lm pore size)
and the organic layer was diluted with
100 lL of dichloromethane and analysed
by GC. The reaction progress was
monitored qualitatively and quantita-
tively by GC-MS using n-dodecane as an
internal standard. When maximum con-
version was reached, the reaction was
terminated by ﬁltration through celite.
The residue on the celite was washed
twice with dichloromethane. Evapora-
tion of the combined ﬁltrates under re-
duced pressure followed by
chromatography on silica gel column
with n-pentane/ethyl acetate (2:1 v/v) as
eluent aﬀorded the desired cyclopropane
derivatives.
Synthesis of Iodosyl Benzene,
PhI=O
To ﬁnely powdered diacetoxyiodoben-
zene (32.2 g, 0.10 mol) was added
NaOH 3N (150 mL) in 5 min with
vigorous stirring, and the lumps of so-
lid, which formed where macerated with
a spatula. The reaction mixture was
stirred for 45 min and then diluted with
H2O (100 mL). The crude yellow solid
was collected by ﬁltration, washed with
H2O (3 · 100 mL) and dried under
vacuum. It was suspended in CHCl3
(75 mL), macerated and separated by
ﬁltration. The crude PhI ¼ O was air-
dried and used without further puriﬁ-
cation.
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Fig. 2. A set of cyclopropane derivatives prepared and separated by GC
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Fig. 3. One pot synthesis of cyclopropane derivatives 3 and 3¢ using either Meldrum’s acid 2 or
dimethyl malonate 2¢ and PhI(OAc)2 or PhI ¼ O, respectively in the presence of rhodium (II)
catalyst
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General Procedure
for the Intermolecular
Cyclopropanation of Olefins
Using Dimethyl Malonate
as a Carbene Precursor (3’a–f)
Dimethyl malonate (0.01 mol) is added
to a mixture of iodosyl benzene (1.4
equivalent), oleﬁns (10 equivalent), MgO
(2.3 equivalent), rhodium (II) catalyst
(5 mol%) and 250 mg molecular sieves
4 A˚ in dichloromethane (10 mL). The
reaction mixture is stirred under argon for
24 h. 100 lL samples were taken after
several time intervals. The samples were
ﬁlteredusing a syringe ﬁlter holder (0.2 lm
pore size) and the organic layerwas diluted
with 100 lL of dichloromethane for the
GC analysis. The reaction progress was
monitored qualitatively and quantita-
tively by GC-MS using n-dodecane as an
internal standard. When maximum con-
version was reached, the reaction was ter-
minated by ﬁltration through celite. The
residue on the celite was washed twice with
dichloromethane. Evaporation of the
combined ﬁltrates under reduced pressure
followed by chromatography on silica gel
column with n-heptane/ethyl acetate (5:1
v/v) as eluent aﬀorded the desired
cyclopropane derivatives.
Rh(II)-catalyzed Intermolecular
Cyclopropanation of Styrene
with Silylated Diazoacetate
(5, 9)
To the Rh(II)-catalyst (2 mol %) was ad-
ded styrene (920 lL, 8.0 mmol) under ar-
gon and the silylated diazoacetate 4 or 8
(0.85 mmol). Themixturewas heated until
the decomposition of the diazo ester was
completed (ca. 2 h). The solvent was
evaporated and the crude cyclopropane
was puriﬁed by ﬂash chromatography [25].
Desilylation of (cis- and trans-
2-phenyl-1-(triethylsilyl)-1-
hydroxymethylcyclopropane
5 (cis/trans-6)
To an 82:18 mixture of trans (48% ee) and
cis (30 % ee) of 5 (142 mg, 0.56 mmol) in
THF (3.0 mL) was added 1M TBAF
(1.0 mL) inTHFat)78. The temperature
was allowed to reach r.t. After stirring for
2–4 h the mixture was quenched with H2O
(2.0 mL) and extracted with CH2Cl2. The
organic layer was evaporated, dried
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Fig. 4. The phenyliodonium ylide A and B generated in situ in the one pot synthesis of
cyclopropane derivatives 3 and 3¢ respectively
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Fig. 5. Intermolecular cyclopropanation of styrene using ethyl diazo(triethylsilyl)acetate 4
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Fig. 6. The desilylation and reduction of ethyl cis- and trans-1-(triethylsilyl)-2-phenylcyclopro-
pane-1-carboxylate (cis/trans-5)
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Fig. 7. Intermolecular cyclopropanation of styrene using ethyl diazo(dimethylphenylsilyl)acetate 8
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Fig. 8. Structure of the rhodium (II) catalysts used in the asymmetric synthesis of cyclopropane
derivatives
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(MgSO4), and the residue was puriﬁed by
ﬂash chromatography (SiO2, pentane/
AcOEt 97:3) to aﬀord a 70:30 mixture of
ethyl cis- and trans-2-phenylcyclopro-
pane-1-carboxylate (6), (1S,2S)-trans-6
(48 % ee) and (1R,2S)-cis-6 (48% ee) in
81% yield (cf. Fig. 14C and D) [25].
Reduction of (cis- and trans-2-
Phenyl-1-(triethylsilyl)-1-
hydroxymethylcyclopropane
5 (cis/trans-7)
To LiAlH4 (2 equiv.) in THF (2.0 mL)
was added, under argon, the cis/trans
mixture of 5 (0.80 mmol) in THF
(4.0 mL). The mixture was stirred over-
night at r.t. The excess of LiAlH4 was
decomposed by the addition of ethylene
diamine (2 mL), followed by 8% NaOH
(2.0 mL) and H2O. The crude product
was extracted with Et2O (10 mL), dried
(Na2SO4), ﬁltered, and concentrated
under reduced pressure. The separation
of the diasteroisomers by ﬂash chroma-
tography (SiO2, CH2Cl2/n-pentane
80:20) aﬀorded the alcohol cis/trans-7
[25].
Rh(II)-catalyzed Intermolecular
Cyclopropanation of Styrene
with Methyl-3-
(tri(isopropyl)silanyloxy)-2-
diazo-but-3-enoate (trans-11)
The rhodium catalyst (0.008 mmol) was
activated by heating in vacuo, and dis-
solved in toluene (3 mL). After addition
of styrene (7 mmol), the mixture was
cooled to 0C, and the methyl-3-(tri(iso-
propyl)silanyloxy)-2-diazo-but-3-enoate
10 (0.70 mmol) in toluene (2 mL) was
added dropwise. After the addition, stir-
ring was continued for 1 h. The solvent
was evaporated and the residue was
puriﬁed by ﬂash chromatography (SiO2/
Et2O/n-pentane 5:95) to aﬀord methyl-2-
phenyl-1-(tris(isopropyl)silanyloxy)-
vinyl)-cyclopropanecarboxylate trans-11
in 60% yield [26].
General Procedure for the
Rh(II)-catalyzed Carbene
Transfer with Ethyl 3,3,3-
trifluoro-2-diazopropionate
(cis/trans-13)
The diazo 12 (92 mg, 0.50 mmol) in
CH2Cl2 (5 mL) was added to the oleﬁn
(5 mmol) in CH2Cl2 (5 mL) containing
the appropriate catalyst (5 mol%) within
8 h at room temperature. After comple-
tion of the reaction, the reaction mixture
was passed through short plug of silica
gel, which was subsequently washed with
CH2Cl2 (20 mL). The solvent was re-
moved in vacuo and the crude product
was puriﬁed by ﬂash chromatography to
aﬀord the desired cyclopropanes cis/
trans-13. The reduction and hydrolysis of
cis/trans-13 to cis/trans-14 and 15,
respectively were performed according to
lit. procedure [27].
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Fig. 9. Intermolecular cyclopropanation of styrene with methyl-3-(tri(isopropyl)silanyloxy)-2-
diazo-but-3-enoate
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General Procedure
for the Intramolecular
Cyclopropanation of Allyl
diazo(triethylsilyl)acetates
(17, 19, 22)
To the Rh(II)-catalyst (2%with respect to
the allyl diazo(triethylsilyl)acetates) was
added the diazosilane 16, 18 or 21
(0.40 mmol) under argon in 5 min. The
mixture was stirred during 2 h at r.t. The
solution was concentrated under reduced
pressure and the residue was puriﬁed by
ﬂash chromatography to aﬀord thedesired
cyclopropanes [25].
General procedure
of the Desilylation
of 1-(Triethylsilyl)-3-
oxabicyclo[3.1.0]hexan-2-
ones (23)
A solution of TBAF (1M in THF, 1mL)
was added dropwise to the appropriate
bicyclohexane 22 (0.56 mmol) at room
temperature. After stirring for 2–4 h, H2O
(2.0 mL) was added, and the mixture was
extracted with CH2Cl2. The organic layer
was dried (MgSO4) and concentrated un-
der reduced pressure. Puriﬁcation by ﬂash
chromatography aﬀorded 23.
Enantioselective Gas
Chromatographic Analysis
A gas chromatograph (HP 580, Agilent
Technologies, Waldbronn, Germany)
equipped with a ﬂame ionization detector
(FID) was used for the chiral analysis of
cyclopropane derivatives. The chiral
stationary phase permethylated-5-pent-1-
enyl-b-cyclodextrin, 20% (w/w) was
coated on a 20 m · 0.25 mm fused silica
capillary column (0.25 lm ﬁlm thickness)
according to literature procedure [20].
The analytical conditions were: injector
temperature, 200 C; FID temperature,
250 C; oven temperature is varying
depending on the structure of cyclopro-
pane. Dihydrogen was used as the carrier
gas (150 KPa column head pressure).
Results and Discussion
Intermolecular
Cyclopropanation
Diazo Free One Pot Procedure
A set of cyclopropanes derived from
Meldrum’s acid and dimethyl malonate
were prepared using a user-friendly diazo
free one-pot procedure. Thus, the cyclo-
propanation of oleﬁns (1a–f) in the
presence of either Meldrum’s acid (2) or
dimethyl malonate (2¢) and PhI(OAc)2 or
PhI=0 and 5 mol% of rhodium (II)
catalyst [Rh2(OAc)4] aﬀorded the racemic
cyclopropane derivates 3 and 3’, respec-
tively with high yield (up to 85%) (cf.
Fig. 3, 12 and 13). The phenyliodonium
ylides A and B (cf. Fig. 4), respectively
were generated and decomposed by the
appropriate rhodium catalyst in situ [17].
Attempts to use a chiral rhodium (II)
catalyst [Rh2 (s-nttl)4] instead of
Rh2(OAc)4 aﬀorded the enantioenriched
cyclopropanes 3a, 3b, 3c and 3d derived
from Meldrum’s acid with 57%, 51%,
70% and 33% ee, respectively. While the
cyclopropane 3’a derived from dimethyl
malonate was aﬀorded in 37% ee.
Cyclopropanation with Isolated Diazo
Compounds
The intermolecular cyclopropanations
were carried out with ethyl diazo(triethyl)-
and (dimethylphenyl)-silylacetate 4 and 8,
respectively. Their decomposition with
chiral rhodium (II) catalyst [Rh2(s-pttl)4]
or [Rh2(s-bpttl)4] and [Rh2(s-nttl)4] in
reﬂuxing toluene and 10 equiv. of styrene
aﬀorded the ethyl cis/trans-1-(triethylsi-
lyl)-2-phenylcyclopropane-1-carboxylate
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Fig. 12. Gas chromatographic enantiomers separation of cyclopropanes derived from Meldrum’s acid showing products’ decomposition in GC to
aﬀord the corresponding dicarboxylic acid (*). The latter is baseline separated in some cases (A, B, and D) and other not (C)
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Fig. 13. Gas chromatographic enantiomers separation of cyclopropanes derived from dimethyl malonate showing products’ decomposition in GC to
aﬀord the corresponding dicarboxylic acid (*). The latter is baseline separated in one case (C) and other not (B) while not shown in A and D
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Fig. 14. Gas chromatographic diastereomers (A and B) and enantiomers separation (C and D) of silylated (A) and desilylated cyclopropanes (B, C and
D) resulted from the intermolecular cyclopropanation of diazo compounds. The eﬀect of the silyl moiety on the separation should be noted
(enantiomers of silylated cis/trans 5 were not separated, while those of 6 were baseline separated)
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(cis/trans)-5 and the ethyl cis/trans-1-
(dimethylphenylsilyl)-2-phenylcyclopro-
pane-1-carboxylate (cis/trans)-9, respec-
tively with similar diastereomeric ratio
(82% trans/cis) isomers (cf. Fig. 5–8 and
14–16).
The preference for formation of trans-
5 where the phenyl and ethoxycarbonyl
groups are cis (cf. Fig. 5) is of some
interest since in the cyclopropanation
with ethyl diazoacetate the trans-isomer
usually predominates. However, upon
protiodesilylation with TBAF, epimer-
ization occurred and the desilylated
cyclopropane 6 was isolated in equal ra-
tio 48:48 trans/cis mixture (cf. Fig. 6),
even when the reaction was carried out at
)78. The enantioselective GC separation
of the enantiomers of the cyclopropanes
(cis/trans)-5 failed, but could be achieved
upon their reduction with LiAlH4 to a
diastereomeric mixture of the alcohol 7.
The relative conﬁguration of the diaste-
reoisomers of 7 was veriﬁed by compari-
son of the NMR signals of the
hydroxymethyl group with those reported
in the literature for its trimethylsilyl
analogues [25]. The latter failed to un-
dergo protiodesilylation upon exposure
to TBAF even upon prolonged reaction
times (cf. Fig. 6).
By analogy, the intermolecular cyclo-
propanation of styrene with (silanoxyvi-
nyl)-diazoacetate 10 was performed using
achiral rhodium catalyst [Rh2(OAc)4] to
aﬀord methyl-2-phenyl-1-(tris(isopro-
pyl)silanyloxy)-vinyl)-cyclopropanecarb-
oxylate trans-11 in 60% yield. The
diastereoselecivity is typical for Rh(II)-
catalyzed cyclopropanations with vinyl-
diazoacetate esters [23] (cf. Fig. 9 and
17).
Another set of cyclopropane deriva-
tives were prepared via Rh(II)-catalyzed
asymmetric cyclopropanation of styrene
using 3,3,3-triﬂuoro-2-diazopropionate
12 to aﬀord a mixture of (cis/trans)-13 in
good yield [27]. The simultaneous reduc-
tion of 13 aﬀorded the alcohol 14 while
the hydrolysis aﬀorded the acid 15 (cf.
Fig. 10 and 18).
Intramolecular
Cyclopropanation
The intramolecular cyclopropanation of
triethylsilyl-substituted allyl diazoace-
tates 16, 18 and 21 were carried out in the
presence of chiral rhodium (II) catalyst
[Rh2(s-nttl)4] in toluene to aﬀord the
corresponding cyclopropanes 17, 19 and
22 with 37%, 8% and 32% ee, respec-
tively (cf. Fig. 11 and 19) [25]. The diazo
decomposition of 16 was accompanied by
secondary products, the structure which
could not be established. However, a
b-lactone may be implicated (see below).
The diazo decomposition of 2-methyl
substituted diazoacetate 18, in turn,
proceeded to 19 in mediocre yield of ca.
20% with up to 8% ee, and was accom-
panied by formation of the b-lactone 20
in the range of 15 to 18% yield. In
contrast, the reaction proceeded well with
the cis-pent-2-enyl diazoester 21 and re-
sulted in yields of ca. 70% of cyclopro-
pane 22 with 32% ee. The structure of 22
was conﬁrmed via its protiodesilylation
SiOH
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(1R, 2R)-7 
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   0               10               20                30              40                50                60  
Si OH
Trans-7
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   0                10               20               30               40               50                60 
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Fig. 15. Gas chromatographic enantiomers separation of cyclopropanes resulted from the
intermolecular cyclopropanation of styrene using silylated diazoacetate 4 followed by reduction
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CO2EtPh
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(1R, 2R)-9 (1S, 2R)-9
   0               10               20                30              40                50                60  
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Fig. 16. Gas chromatographic enantiomers separation of ethyl cis-and trans-1-(dimethylphenylsi-
lyl)-2-phenylcyclopropane-1-carboxylate (cis/trans-9)
O
OMeO
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Racemic
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Time (min)
Fig. 17. Gas chromatographic enantiomers separation of methyl-2-phenyl-1-(tris(isopropyl)sila-
nyloxy)-vinyl)-cyclopropanecarboxylate (trans-11)
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with TBAF in THF to aﬀord known 23
with 22% ee, which was used for the
determination of the ee. The absolute
conﬁguration of 22 was determined
according to literature procedure [25].
Enantioselective Separation
of Cyclopropane Derivatives
The chiral separation of the cyclopro-
pane derivatives is demonstrated using
Chirasil-b-dex as a chiral stationary
phase (CSP) for enantioselective gas
chromatography [20]. In all cases of
cyclopropanes prepared, the reactions
were monitored qualitatively and quan-
titatively using GC-MS with n-dodecane
as internal standard. Thus, from a single
run and with a simple ﬁltration, infor-
mation regarding the yield of the result-
ing cyclopropane derivatives and the
selectively of the catalyst can be provided
without further work up. Although, a
baseline gas chromatographic separation
was achieved for all cyclopropanes pre-
pared, some of them especially those de-
rived from Meldrum’s acid (2,2-dimethyl-
1,3-dioxane-4,6-dione) 3 (cf. Fig. 3)
decomposed in GC aﬀording the corre-
sponding dicarboxylic acid cyclopropane
derivatives in approximately 16% yield.
The latter has been identiﬁed qualita-
tively and quantitatively using GC-MS.
(cf. Fig. 12). The enantiomers of the
dicarboxylic acid cyclopropane deriva-
tives resulting from the thermal decom-
position in GC are baseline separated in
some cases (cf. Fig. 12a, b, d) while other
derivatives were not resolved (cf.
Fig. 12c). Surprisingly, those derived
from dimethyl malonate 3¢ (cf. Fig. 3)
showed also decomposition but to a less
extent (cf. Fig. 13b, c). The eﬀect of silyl
moiety on the chiral separation was no-
ticed in case of the silylated cyclopropane
derivatives 10 and the corresponding de-
silylated one 11 (cf. Fig. 14c, d). Only the
silylated diastereomers of 13 (cis/trans)
could be separated, however, their
enantiomers were not (cf. Fig. 15a). The
four enantiomers of cis/trans desilylated
version of 13 (cis/trans-14) were baseline
separated (cf. Fig. 15b, c and d). Other
cyclopropane derivatives containing an
alcoholic moiety were successfully
resolved with reasonable resolution and
CF3
OH
Trans-14
Time (min)
   0                4                 8                12                16               20                24 
CF3
OH
O
Cis-15
Time (min)
   0                5                 10              15                20               25                30 
A B
Fig. 18. Gas chromatographic enantiomers separation of triﬂuoro-substituted cyclopropane derivatives trans-14 and cis-15.
O O
H SiEt3
Time (min)
37% ee
(1S, 5)-17(1R, 5S)-17
   0               20               40               60               80               100             120 
O O
SiEt3
19
Time (min)
8% ee 
   0                5                10               15               20               25                 30  
O O
H SiEt3
Et
Time (min)
32% ee
(1S, 5R, 6R)-22(1R, 5S, 6S)-22
   0                8                16               24                32               40               48  
O O
H H
Time (min)
22% ee
(1S, 5R, 6S)-23
(1R, 5S, 6R)-23
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A C
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Fig. 19. Gas chromatographic enantiomers separation of cyclopropanes resulted from the intramolecular cyclopropanation of allyl diazo(triethyl-
silyl)acetates. The eﬀect of the silyl moiety on the separation should be noted (C and D)
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separation factor (cf. Fig. 16 and 18).
Among the diﬀerent classes of cyclopro-
pane derivatives separated by GC, 3¢a, 11
and trans-22 were the fast eluted enanti-
omers with a resolution (Rs) 4.29, 1.80,
3.37 and a separation factor (a) 1.10, 1.04
and 1.08, respectively. The latter can be
used in the high throughput screening to
discover the best enantioselective catalyst
in a combinatorial approach. Results are
summarized in Table 1.
Conclusion
The utility of polysiloxane-anchored
permethylated b-cyclodextrins (chirasil-b-
dex) as CSP in GC was demonstrated in
the gas chromatographic enantiomeric
separation of a set of diﬀerent class of
cyclopropane derivatives prepared via
inter- and intra-molecular cyclopropana-
tion procedures. The GC method is used
for the reaction monitoring and provides
chemical yields of the cyclopropane
products, enantioselectivity, substrate
speciﬁty, and catalytic activity of the
chiral catalysts used in the asymmetric
cyclopropanation reactions and avoids
time-consuming work-up procedures.
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Table 1. Oven temperature (T), retention time (tR), resolution (Rs) and the separation factor (a) of
the simultaneous baseline separation of racemic cyclopropane derivatives
Compounds Oven
temperature1
tR (S) tR (R) Rs a
3a 130 C 37.2 38.8 1.89 1.04
3b 140 C 33.0 35.1 2.84 1.06
3c 100 C 14.8 15.7 2.33 1.05
3d 85 C 28.7 29.9 1.63 1.04
3e 130 C 21.9 23.1 2.22 1.26
30a 130 C 8.7 9.6 4.29 1.10
30b 120 C 22.6 24.1 2.65 1.06
30c – – – – –
30d – – – – –
30e 115 C 48.5 50.2 1.45 1.03
30f 140 C 22.4 23.8 2.60 1.06
Cis/Trans-5 125 C 37.4 (Trans) 38.6 (Cis) 1.05 1.03
Trans-6 100 C 19.7 21.3 3.28 1.08
Cis-7 130 C 42.4 46.7 3.80 1.10
Trans-7 130 C 41.6 45.6 3.71 1.09
Cis/Trans-9 150 C 29.4 (Trans) 30.7 (Cis) 1.77 1.04
Trans-11 130 C 23.2 25.7 4.89 1.10
Trans-14 120 C 4.8 5.2 3.37 1.08
Cis-15 150 C 15.4 17.7 5.46 1.14
17 80 C 83.7 85.9 1.14 1.02
19 110 C 14.9 15.9 2.66 1.06
22 105 C 25.9 27.2 1.93 1.05
23 100 C 7.7 8.0 1.80 1.04
1The head pressure is 150 KPa, the injector temperature is 200 C and the FID temperature is
250 C
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